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Abstract 
In the article the work of pumping station with centrifugal pumps working in parallel with throttle control is 
considered. Analytical dependences for pumping station’s characteristic and method of its effectiveness’ determining 
are taken out. The dependence of efficiency from the form of pumps’ characteristic is established. 
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1. Introduction 
Centrifugal pumps belong to the most common class of blade hydraulic machines and are used in all 
sectors of the economy and the share of energy consumed by pump drive, according to various sources is 
estimated from 18 to 22% of all electricity used in the world [1]. The analysis of scientific and technical 
publications showed that, in accordance with world trends the reduction of energy consumption for 
pumping equipment provided at the level of 40%, including the reduction by increasing the pump 
efficiency’s (efficiency) maximum level (to 3%), by coordination of the network’s and pump’s 
parameters (about 4%), by adaptation (within 4%) and by regulation (18 - 20%) of the pump, according to 
the modes of its operation over the life cycle, and to optimization of water supply and distribution 
systems in general (10 - 12%) [1]. Improving pumping equipment’s operational technical and economic 
* Corresponding author. Tel.: +38-0542-334494; fax: +38-0542-334494. 
E-mail address: serg_83@ukr.net. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
176   Viktor Nenja et al. /  Procedia Engineering  39 ( 2012 )  175 – 181 
indicators requires a transition to the analysis not only of the pump unit, but its interconnection with 
hydraulic network. 
In water supply and distribution pressurized systems flow and pressure are the main hydraulic 
parameters of the technological process’ course. The main hydraulic parameters are tightly linked with 
each other, and it is impossible to change any of them without changing the other one. To manage the 
pumping station’s basic parameters, that is to make their purposeful change, is possible just by changing 
the H(Q) characteristics of the pumping station. Throttling at the pump’s outlet as a way to manage H(Q) 
characteristic of the pumping station is certainly connected with the losses of energy and lower efficiency 
of the process in comparison with modern regulation methods (regulation by changing the pump 
impeller’s speed and by changing the number of simultaneously operating pumps). But considering that 
the organization of the regulation by throttling is relatively low-cost and does not require sophisticated 
technical solutions, that’s why this way to regulate parameters of the fluid flow at the outlet of the pump 
station is widely used in native and international practice. 
The goal of this work is establishing of conditions for rational use of regulation by throttling fluid’s 
pressure and providing of specified law of regulation (specified dependence of the pressure from the 
supply at pumping station). To achieve this goal it is necessary to develop mathematical model of water 
supply and distribution systems’ functioning, to investigate the economy of water supply and distribution 
systems’ functioning depending on the resistance of control valves (elements of regulation), to establish 
the dependences for definition of control valves’ hydraulic resistance values, that provide necessary law 
of regulation. 
2. Principal part 
Pump and external network form a single system whose equilibrium state is defined by material and 
energy balance. Material balance is provided by the condition of equality of the pump’s supply to the 
flow in external network, energy balance – by equality of the pump’s pressure to the pressure consumed 
by the network. 
Figure 1 shows the design scheme of joint operation of two pumps connected in parallel on external 
hydraulic network. The regulation of parameters at the pumping station’s output was made by throttling 
on the valves that are installed after each pump before pressure manifold (ȗ1r, ȗ2r) and after pressure 
manifold (ȗ3r). The same parameters at the outlet of the pump station can be received by regulation of 
each of three control valves. 
In [2,3] the way of least squares approximation method of pump’s pressure and energy characteristics 
according to its passport characteristics is proposed. So pressure and energy characteristics of pumps 1 
and 2 can be rewritten in the form of: 
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where ɚɧɿ, cɧɿ – constants that depend on pump’s design and are calculated according to passport 
characteristic by approximation by the method of least squares; Șm, Qm – values of pump’s efficiency and 
supply in the optimal mode of its operation. 
As the pump and the valve on the section 1-3 are connected sequentially, the pressure characteristic of 
the pump H1 and pipeline, led in point 3 is defined as: 
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Fig. 1. Design scheme 
Similarly for the section 2-3: 
2
24
2
2
2
2
22r2p2p232 Qdg
8
d
l
ca)Q(H ⋅»»¼
º
««¬
ª
¸¸¹
·
¨¨©
§
++−+=
−
π
λζζ .            (6) 
To determine the pressure characteristic of two parallel operating pumps, equations (5) and (6) are 
rewritten in the following way: 
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Considering material ( 21 QQQ +=Σ ) and power (ɇ1-3=ɇ2-3=ɇ3) balances in point 3 and equations (7) 
(8) we have: 
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Consider the case of parallel operation of pumps with the same pressure characteristics, while 
pp2p1 aaa == , pp2p1 ccc == , and then the last expression looks like: 
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The pressure characteristic of two parallel operating pumps, led in point 4, we define as: 
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As far as the length of the pipeline from the pump to the pressure manifold (in existing pumping 
stations) is by several orders of magnitude less than the length of the external hydraulic network 
( outside321 ll,l,l << ) and local resistances of these pipelines are insignificant in comparison with resistance 
of the main pipeline, that’s why hydraulic losses along the length and at the local resistances of sections 
1-3, 2-3, 3-4 can be neglected. Then the pressure characteristic of the pumping station, which includes 
two parallel working pumps with similar pressure characteristics, is defined as: 
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To evaluate the pumping station's energy efficiency let’s take advantage of the generalized efficiency 
as the ratio of hydraulic power at the pumping station’s outlet to the energy consumed by pumps: 
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When pumping station works on hydraulic network, usually specific requirements for the main 
hydraulic parameters at the input to the consumer are put forward. These requirements are based on the 
condition of providing a defined process in the consumer. To meet the needs of consumer the 
management of fluid flow’s  hydraulic parameters is made. In [4] it is shown that usually pressure is an 
adjustable parameter, while pressure at the outlet of the pumping station complies a certain law of 
regulating (ɇɪ = f(Q)), which is determined from the condition of providing necessary parameters in the 
consumer and takes into account energy losses during fluid’s transportation in hydraulic network. 
Consider the case of regulation of pressure at the outlet of the pumping station (ɇ = const ɩɪɢ Q = var) 
by throttling elements in one of the pumps (ȗ1r = var). Regulation is made so that the second pump 
operates in the optimum mode. In this case, considering (1), (3), (8) the expression (10) takes the form: 
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And in the case of regulation of pressure at the outlet of the pumping station (ɇr = const ɩɪɢ Q = var) 
by throttling elements in two pumps (ȗ1r = ȗ2r= var), considering (1), (3), (8) the expression (10 ) takes the 
form: 
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Figure 2 shows the dependence of the change of pumping station’s relative efficiency (Șps/Șm) from the 
relative costs (Q/QȈ) while regulating the pressure by throttling elements in one of the pumps and with the 
help of throttling elements in two pumps. Analysis of figure 2 shows that the efficiency of the pumping 
station while regulating the pressure by throttling elements in one of the pumps is more than while 
regulating in two pumps. 
In [2,3] it is proposed to define coefficients of approximation of pressure characteristic of the pump 
(ɚp, cp) through the coordinates of the optimal operating point (in which parameters of the pump are H0
and Q0), and the tangent of the tangent’s angle at this point (tgȖ). In this case, the tangent of the tangent’s 
angle in the optimal operating point characterizes the slope of pump’s pressure characteristic. Considering 
the last statement at figure 3 shows the dependence of the change of pumping station’s relative efficiency 
from the relative costs for different values of the slope of pump’s pressure characteristic while regulating 
the pressure by throttling elements in one of the pumps (Figure 3a) and with the help of throttling 
elements in two pumps (Figure 3b). 
Analysis of Figure 3 shows that for regulation of pressure by throttling elements it is appropriate to use 
pumps with flat pressure characteristics. 
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Fig. 2. Dependence of the change of pumping station’s relative efficiency from the relative costs for different modes of regulation:  
––– regulation with the help of throttling elements in one of the pumps; –  – – regulation with the help of throttling elements in 
two pumps 
a)       b) 
Fig. 3. Dependence of the change of pumping station’s relative efficiency from the relative costs for different values of the slope of 
pump’s pressure characteristic while regulating the pressure by throttling elements (a) in one of the pumps; (b) in two pumps 
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3. Conclusions 
First time analytical expressions for calculating the characteristics of the pumping station with pumps 
working in parallel for regulation the pressure at the outlet of pumping station by throttling elements are 
obtained. 
When you change the resistance of user’s pipeline outside the pumping station operating point moves 
through the pressure characteristic of the pump. When you change the resistance of pipeline of pumps 
installed in parallel inside the pumping station operating point moves through the characteristic of 
nutrient pipeline. Combining by change of resistance in nutrient pipeline and near the pump makes it 
possible to realize the desired law of regulation of fluid flow for the consumer. 
Established that the efficiency of the pumping station while regulating the pressure by throttling 
elements in one of the pumps is more than while regulating in two pumps. 
The dependence of the efficiency of the pumping station with two pumps working in parallel from the 
form of their pressure characteristic is determined. Established that for regulation by change of hydraulic 
resistances it is appropriate to use pumps with flat pressure characteristics. 
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